Background: In countries where registration of vital events is lacking and the proportion of people who die at home without medical care is high, verbal autopsy is used to determine and estimate causes of death.
Background
In most developing countries, where 80% of global deaths occur, registration of vital events is usually not carried out. The determination of causes of death in developing countries is difficult, as an overwhelming majority of deaths are neither attended by health professionals nor medically certified [1, 2, 3, 4, 5] . As a result, more than three quarters of the world's population is not covered by routine registration of vital events [5] .
Ethiopia is one of the countries without a vital registration system. Additionally, health service utilization is very poor with total outpatient use of government health facilities estimated at 0.25 visits per person per year [6] . Thus, due to poor access to health services and low healthcare seeking behavior, most deaths occur outside of health facilities. As a result, mortality data at both health facilities and in communities are lacking.
A death certificate completed by a physician with substantial knowledge of the clinical course of an individual prior to death based on appropriate diagnostics is the best standard for assigning cause of death. In countries where registration of vital events is incomplete(inaccurate) and the proportion of people who die at home without medical care is high, verbal autopsy (VA) is used to identify causes of death [3, 4, 5, 7, 8, 9] and measure patterns of causes of death [10] . Several studies showed that VA can be used to generate reasonable population level estimates of causes of death [11, 12] . Thus, the VA method is recommended to obtain a population level estimate of causes of deaths in the absence of a medical recording system [4, 13] .
In recent years, concern has been raised on the inadequate attention in public health interventions and investment to prevent some health problems in adults [14, 15, 16] . A number of publications explored changing trends in all-causes and diseasespecific mortality among adults in sub-Saharan Africa [17, 18, 19, 20, 21, 22] . While most global efforts to prevent mortality among young people focus in children below 5 years of age, significant health gains can also be attained among adults. However, target efforts for adults are suppressed by a lack of data [14, 23, 24] .
The aim of this study was, therefore, to determine causes of death among adults (i.e. age greater than 15 years) in northern Ethiopia using data from the Kilite-Awlaelo Health and Demographic Surveillance System (KA-HDSS). Additionally, we explored the characteristics and trends (by sex and age) of broad causes of death (i.e. communicable diseases [CDs] , non-communicable diseases [NCDs] and external Causes [ECs] ).We also assessed the socio-demographic predictors of CDs, NCDs and ECs in an adult population.
Methods
We have conducted the study among adults greater than 15 years of age and above (n = 723) from September 2009 to January 2013 as part of the ongoing KA-HDSS initiative. The KA-HDSS study site is located in a predominately rural part of the Tigray regional state in northern Ethiopia, specifically in the KilteAwlaelo, Wukro and Atsebe-Wonberta districts. The center is 835 kilometers north of Addis Ababa, the capital city of Ethiopia. The study area included 10 ''Kebelles'' (1 town and 9 rural areas) with a mid-year population of 65,120 living in 15,643 households in 2012/2013. In Ethiopia, Kebelles are smallest administrative units with an average population of 5,000-6,000. The population, mainly subsistence farmers, is almost exclusively members of ''Tigrian'' ethnic group. Overall, the population in this study site has lower mortality and fertility rates than other regions of Ethiopia as described elsewhere [25, 26] .
Verbal autopsy data
As part of KA-HDSS study, resident full-time enumerators, who visit each household every month for events, report all deaths in the surveillance site. Update rounds and update of the database are performed biannually. VA supervisors and trained VA data collectors reported deaths every month.
VA interviews were carried out between 45-55 days of the date of death in respect of the local mourning time. VA was conducted using a standardize World Health Organization (WHO) questionnaire endorsed by International Network for Demographic Evaluation of Populations and Their Health (INDEPTH) for all deaths occurring in the HDSS [27] . For this analysis, we utilized the adult questionnaire (15 years of age and above). We identified parents or spouses as the first respondents.
Reviewer physicians were trained on the application of the ICD-10 manual developed by WHO for assessing the global burden of diseases [28] . Two blinded physicians independently reviewed the completed VA questionnaires to assign cause of death using the manual. A Surveillance team member, who was in charge of this specific task, confirmed agreement between the two physicians. When disagreements in diagnosis arose, a third physician was assigned to review the case. The final diagnosis was assigned based on the agreement between the third physician and any of the two physicians. The case was considered as ''undetermined'' if all three physicians assigned a different diagnosis. Physician gave diagnosis a diagnosis ''unspecified causes of death (VA-99)'' for a case when difficulties to classify diseases based on the given information were present.
Classification of causes of death
Based on the international disease classification system [28, 29] , we contextually categorized causes of death as follow:
Communicable diseases (CDs) (VA-01). All infectious and parasitic diseases (VA-01) including Human immunodeficiency virus(HIV), tuberculosis, malaria, intestinal infection, infectious diseases of unspecified cause, acute lower respiratory infections, meningitis, viral hepatitis, typhoid and paratyphoid.
Non-communicable diseases (NCDs). Diseases of circulatory system (VA-04), neoplasms (VA-02), renal disorders (VA-07), respiratory disorders (VA-05), gastrointestinal disorders (VA-06), mental and nervous system disorders (VA-08) and nutritional and endocrine disorders (VA-03). External causes of death (ECs) (VA-11). Accidental falls, accidental drowning and submersion, intentional self-harm, assault and others which are not related to the above two categories.
Pregnancy, childbirth and puerperium related deaths (VA-09). All deaths related to pregnancy and childbirths (e.g. maternal deaths associated with abortion, childbirth related hemorrhage).
Data management and analysis
Analyses of data were performed with Stata version 11.1 (Stata Corporation, College Station, TX, USA) after exporting from the SPSS version 20.0 (IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.). Frequencies, proportions and summary statistics were used to describe the socio-demographic characteristics of the deceased individuals. Differences in CDs, NCDs and ECs) of death, among groups were reported using Pearson's chi-square (x 2 ) test. Bivariate logistic regression was used to identify the crude relationship between the outcomes (CDs, NCDs and ECs) and the independent variables. The degree of association between outcome and some of the socio-demographic characteristics was assessed using odds ratio with 95% confidence interval. After testing for co-linearity [30] and interaction [31] , all covariates with statistically significant associations in the bivariate analysis were retained in multivariate logistic regression model to obtain adjusted estimates of the association between covariates and outcome variables. All statistical tests were two-sided and considered statistically significant at a p-value of 0.05.
Ethics statement
The KA-HDSS received ethical clearance from the Ethiopian Science and Technology Agency with identification number IERC-0030. Ethical approval was also obtained from the Health Research Ethics Review Committee (HRERC) of Mekelle University. Informed verbal consent was obtained from head of the family or an eligible adult in the family. This verbal consent was documented in English and local language ''Tigrenga''. This documentation was done by marking ''Yes'' or ''No'' for a question ''Are you willing to participate in this study?'' after explaining all information about confidentiality, privacy and the right to not participate or withdraw from the study. VA data collectors continued the interviews after a study participant answered only ''Yes''. The data collectors did this process for each of the study participant. All individuals who participated in this study had knowledge on verbal consent form. To keep confidentiality, data containing personal identifiers of subjects Table 1 . Socio-demographic characteristics of deceased adults in northern Ethiopia from September 2009 to January 2013 (n = 723). were not shared to any third parties. The above aforementioned institutions approved all these processes.
Results

Socio-demographic characteristics of the deceased
Of 723 documented deaths occurring during the study period in adults aged 15 years and above, an equal number were males and females (n = 361; 49.9%). Most of the deceased were from rural areas (n = 656; 91.1%). A quarter (n = 175; 24.2%) of all deaths occurred in the very old age group (75-84 years). The overall median age at death was 70 years (Inter Quartile range (IQR) = 50, 72 years). Approximately, four of five deaths (n = 578; 79.9%) occurred among illiterates and the majority deceased individuals were farmers (n = 328; 45.4%). Over half (n = 200; 55.4%) of deceased females were widowed and less than half (n = 313; 43.3%) of all individuals were married at time of death. Nine out of ten deaths (646; 89.4%) occurred out of health institutions (Table 1) .
Specific causes of adult deaths
Of the specific causes of death, tuberculosis, cerebrovascular diseases and accidental falls were the leading causes accounting for 15.9%, 7.3% and 3.9% of all deaths, respectively. Nutritional and endocrine disorders, respiratory disorders and pregnancy related deaths were rare. Undetermined and unspecified causes of death were reported as 14.9% and 1.1% of all deaths, respectively ( Table 2) .
In the age group of 15-49 years, HIV/AIDS and tuberculosis were the leading causes of death accounting for 10.9% each. In the 50-64 years of age group, tuberculosis was the commonest cause of death at 27.2%. Cerebrovascular diseases were among the most frequent causes of death in the two age categories, 50-64 years and 65 years and above, at 7.8% and 10.1%, respectively. Causes of death were undetermined for 12.1%, 5.8% and 18.2% of deaths in age categories of 15-49 years, 50-64 years and 65 years and above, respectively (Table 3) . The trends in cause of death by age (15-49, 50-64 and 65 years and above) are shown in Figure 2 . Of all causes in 15-49 years of age, CDs were the leading causes of death accounting for 31.6% of all deaths in the age group. Across all age categories, no significant differences in deaths attributed to CDs were found. NCDs showed an increasing trend as age increased (p,0.001). In contrast, ECs decreased significantly as age increased (p,0.001) (Figure 2) .
Broad causes of adult deaths
Of all deaths caused by nutrition and endocrine disorders, respiratory disorders, external causes, gastrointestinal, and mental and nervous system disorders, 81.3%, 71.4%, 66.3%, 65.6% and 63.9% occurred among males, respectively. Similar proportions of Causes of Death among Adults PLOS ONE | www.plosone.orgdeaths due to neoplasm and diseases of the circulatory system in both sexes were observed (Figure 3 ).
Association of socio-demographic variables with communicable, non-communicable and external causes of death
In the logistic regression model, sex, age, marital status, occupation and residence were considered. In bivariate logistic regression, sex and marital status were significantly associated with CDs, NCDs and ECs. Age was also associated with NCDs and ECs of death.
In multivariate analysis, females had 1.5 times (AOR = 1.53 [95% CI: 1.10, 2.15]) higher odds of dying due to CDs compared to males. Similarly, if marital status was dissolved (widowed and divorced or separated), a 1.7 times (AOR = 1.73[95% CI: 1.03, 2.90]) higher odds of dying due to CDs was found compared to those never married. The odds of dying due to NCDs significantly increased as the age of person was greater than 50 years of age compared to those in the age group of 15-49 years ( Table 4) .
The odds of dying due to ECs were higher among 15-49 years of age (AOR = 4.02 [95% CI: 2.25, 7.18]) compared to 65 and above years. Males had 1.7 times (AOR = 1.70 [95% CI: 1.01, 2.85]) higher odds of dying due to ECs compared to females. Never married individuals had 3 times (AOR = 3.03[95%CI: 1.40, 6 .56]) higher odds of dying due to ECs compared to those people who had a dissolved marital status ( Table 4) .
Discussion
In this study, NCDs (36.4%) were the leading causes of death followed by CDs (34.8%) and ECs of death (12.3%). Tuberculosis, cerebrovascular diseases and accidental falls were the leading specific causes of death accounting 15.9%, 7.3% and 3.9% of all deaths, respectively.
In our study, more than a third of deaths were due to NCDs which was consistent with previous studies in Ethiopia [32, 33] . Similarly, the finding is in line with the 2006 estimates for low and middle income countries by the Global Burden of Diseases (54%) and World Bank estimates for Madagascar (40%) [29, 34] . The findings of this study are also similar to a Gambian study where NCDs were reported as leading causes of death among adults [35] . Several studies from Ethiopia also reported that NCDs are increasing health problems [32, 36, 37] . The high level of NCDs in the rural setting is likely to be explained by rapid socio-economic development, a larger scale investment in healthcare [38, 39] and an increased life expectancy [38] . In the current study, we also found a high median age (70 years) at death. A survey in rural south western Ethiopia showed that 80% the population surveyed had at least one risk factor for NCDs [37] . NCDs are thought to be common among urban population. Despite this, they were also important causes of death in rural population having no significant lifestyle change. Due to its growing nature, NCDs need to be a focus of prevention and control strategy, as the attention to this has been less in Ethiopia [39, 40] .
CDs were the second leading causes of death (34.9%) among adults, age greater than 15 years, which was similar to other studies in Ethiopia and other parts of the world [29, 32, 34, 35, 36] . Yet, the contribution of CDs to the overall deaths in our study was lower than the 47% reported from north western Ethiopia [33] and much lower than the 58% found in Kenya [41] . Despite the variation in the estimates, studies have shown that the burden of CDs has declined in Ethiopia [32, 33] . This could be explained by the improvements in health and socio-economic status of the population. High coverage of primary health care service which reached 92% of the population [6] is among the factors. The national health care program, which focuses on health promotion and prevention of CDs has also played a significant role [39, 40] . The odds of dying due to CDs among females were 1.5 times higher than in males. This finding is similar with other studies in Ethiopia [32, 42] . Generally, studies reported that the proportion of deaths due to CDs decreased with age [32, 34, 43] which is also consistent with our finding. Similarly, if marital status is dissolved, there was 1.7 times higher odds of dying by CDs compared to singles. A possible explanation is that widowed people are more likely to contract CDs as their husbands or wives likely dead of CDs. For example, if the spouse died due to CDs, like HIV/AIDS or tuberculosis, the other spouse is more likely to acquire and die of the same disease.
Examining on specific causes of death, in our study, tuberculosis was the leading cause of death accounting for 15.9% of all deaths. The finding is also in line with studies in sub-Sahara African countries and South Africa [21, 34] . This magnitude of mortality from tuberculosis could be related to high incidence and low detection rate [40] . Despite the extensive expansion of the Direct Observed Treatments (DOTS) service in Ethiopia [44] , the global report by WHO in 2011 ranked Ethiopia as 7 th among the tuberculosis high burden countries in the world, with an estimated incidence of all forms of tuberculosis of 261 new cases/100,000 pop/year and a case detection rate of smear positive tuberculosis of 72% [45] .
ECs were responsible for 12.3% of the deaths. Due to the mountainous and rocky topography of the study area, accidental falls was the leading cause of death accounting for 31.5% of all ECs. The odds of dying due to ECs were 4 times higher in the 15-49 years of age group compared to 65 years and above. Similarly, males had 1.7 times higher odds of dying due to EC compared to females. The findings of our study are very consistent with other studies [32, 33, 34, 41, 43, 46, 47] . The sex difference of deaths from ECs can be attributed to males engaging in more hazardous and risky activities (e.g. employment) than females. Young people are also more vulnerable to ECs as they are less able to predict and prevent injuries from occurring than adults [46] . It is important to acknowledge the limitations of this study, primarily with regard to the high proportion of cases with undetermined causes that were reported for 14.9% of the deaths. Unable to trace and report signs and symptoms of deceased individual correctly prior to death by the interviewee and challenges with physicians agreeing on the probable cause of death on already collected data were factors for high rate of undetermined causes of death. Despite efforts made to improve the quality of data, like continuous training of data collectors and reviewer physicians, supportive supervisions and selecting appropriate respondents, the validity of cause of death ascertained using VA could be affected by different factors like, design and content of questionnaire, timing of interview, skill of interviewers, respondents identified and approach used to derive probable cause of death from VA data [5, 48] .
In conclusion, tuberculosis, cerebrovascular diseases, accidental falls, intestinal infectious diseases and infectious diseases (unspecified causes) were the top five causes of death among adults in our study site in northern Ethiopia. Broad causes of death have shown variation across varying age categories. Overall, NCDs were the leading causes of death among adults in KA-HDSS. Deaths due to NCDs were highest among adults between 50-64 years of age. ECs decreased when age increased. Males were more likely to die due to ECs compared to females, and females had a higher risk of death from CDs compared to males. Despite the introduction and implementation of the DOTS strategy, tuberculosis was found to be a leading cause of death. Moreover, a growing burden of NCDs and ECs was observed in the KA-HDSS. Thus, follow-up and social support for tuberculosis and an urge to include NCDs and ECs in the agenda of the Ethiopian health sector are recommended.
